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Abstract: The soil pollution features of heavy metals in a nonferrous metal mine were investigated. The con 
taminated soil area was divided into the tailing mineral, mineral drainage, settling dust with wind and mineral 
transportation zones. The concentrations of heavy metals in soil were detected by !CP-AES. A normalization 
procedure was established to construct the geochemical baseline model of soil environment. The pollution cha 
racteristics of heavy metals in soil were assessed by the baseline model. The seriously polluting metals are Zn 
(2805.2 mg·kg·1) and Pb {1709.2 mg-kg'). Cd, Cu, and As only had pollution low-level in soil. Heavy metals 
pollution were mainly distributed in the mineral transportation zone, in which the average concentration of Zn, 
Pb, Cd, As, and Cu are 7958.5, 5808.3, 5.0, 66.7 and 344.4 mgkg'. The enrichment factors of Zn, Pb, Cd, Cu, 
and As were 986.8, 1303.8, O. 79, 0.89, and 4.31, respectively. 

INTRODUCTION 

The mining activities will pollute environment with heavy metals of various characte 
ristics. The rapid development of industry and increasing release of agrochemicals into 
the environment has led to a growing public concern over the potential accumulation of 
heavy metals within soil. Recent rapid economic expansion in China means that heavy 
metal contamination of soils has become an increasingly serious problem [2, 8]. 

Heavy metals influence the environment with different type and strength depending 
on the concentration of organic matter and the physico-chemical factors such as pH value 
and ionic strength. Groundwater contamination and plant uptake may result in accumu 
lation of heavy metals in the food chain, and then affect the living organisms. The risk 
of groundwater pollution depends on the retention, mobilization and transport of heavy 
metals in soils [5, 9]. 

The models of heavy metal transport play an important role in evaluating the poten 
tial risks [I, 6, 7, 15]. Therefore, the models are frequently used to describe and predict 
uptake and accumulation of heavy metals by plants or sorption and transport of heavy 
metals in soils and sediments. Calibration of models should be done using independent 
parameter with optimization programs instead of trial and error procedures to extract 
maximum information from the available data [II, 14, 17]. 
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Herein, the contaminated soil area in a typical nonferrous metal mine was divided
into four zones according to the pollution characteristics of heavy metals. And then, the
normalization procedure was used to investigate the pollution features of heavy metals.

EXPERIMENTAL

Introduction of the mine 
This mine was built in 1967 and yield 390 OOO Mg lead-zinc mineral per year. Totally
9 042 OOO Mg of mineral have been explored from 1967 to now. Nowadays, there are
about 5 OOO people living and working in the 50 km2 mining area. The primary mineral
metals are Pb and Zn associated with Cu, Ag, W, Sn, Mo, and Fe. The ore and rock con
tain 5-10% free SiO2. The tailing dam covers an area of I km2 which stores tailings of
5 OOO OOO m3• The contaminated soil area was divided into four zones namely TPS (tailing
mineral), MDPS (mineral drainage), DWPS (settling dust with wind), and MTPS (mine
ral transportation zone). In each zone, twenty-eight soil samples were randomly collected
by triple sub-sampling technique. The pH value of soils was in a range of 5-9.7.

Reagents 
All chemicals used were of analytical reagent grade. All solutions were prepared in deioni
zed water (zero metal concentration). Calibration standards for each metal were prepared
by appropriate dilution of stock solution of 1000 ppm of J.T. Baker/E. Merck standards.

/CP analysis 
Concentrations of Zn, Pb, Cd, As, Sc and Cu were analyzed in all samples on a PS-6
ICP-MS (Baird, USA) according to the references [3, 4, I O]. A sample was put into the
tetrafluoroethylene plastics crucible and 5 cm3 HNO

3
, 10 cm3 HF, and 12 cm3 HC1O4 was

added. The sample was heated and the white smoke taken out. When the white smoke di
sappeard, the solution was chilled and I O cm3 HCl (I: I, v/v) was added. The solution was
poured to a 50 cm3 flask before determining. The analytical results are shown in Table I.

NORMALIZATION ASSESSMENTS

Normalization method 
The normalization method is commonly used in geochemical study. The inert elements
in geochemical process are considered as standard in the normalization method. The cor
relationship between the inert elements and the activated element was evaluated by the
enrichment condition of activated element. The correlation was also used to construct the
linear regression equation, namely, baseline model [I 3, 20, 23):

C =aC +b 
Ill N (I) 

where:
C,,, stands for the concentration of heavy metal element,
CN is the concentration of standard element,
a and b are the regression constants,
Ć is the anticipation value of C , which can be calculated by means of ascertaining re
g1~~ssion constants; Ć is used as"the baseline value of heavy metal elements.
'-' Ill
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Table 1. Concentrations of heavy metals 

Zones Serial Concentrations of heavy metals [mgkg'] 
number Zn Pb Cd As Cu Sc 

I 2147.4 414.9 0.3 119.6 164.3 12.4 
2 3267 363.2 12.75 85.11 357.5 13.23 
3 2339 496.8 6.0 89.76 351.5 12.0 
4 8784 7932 19.5 1083.3 694 23.1 

TPS 
5 5152 1625 19.50 207.4 417.9 16.5 
6 2704 224.8 2.75 86.63 344.2 12.86 
7 1521 568.4 5.25 108.9 369.6 7.1 
8 96.0 234.9 13.25 94.4 339.4 3.56 
9 152.3 220.0 8.00 47.96 337.0 8.23 
10 888 81.6 0.5 80.47 327.3 10.2 
Il 78.4 167.5 1.00 66.54 330.9 2.3 
12 59.7 46.9 0.6 42.5 410.1 5.6 
13 198.2 I 10.4 0.89 24 402.4 8.94 

MOPS 
14 215.6 104.5 2.3 18.9 345.6 10.21 
15 498.3 85.0 0.45 21.5 362.1 9.67 
16 1123 46.8 6.3 56.1 561.0 10.78 
17 768.1 71.5 7.5 71.5 318.9 9.8 
18 165 46.1 1.6 82.6 321.4 8.54 
19 234.1 48.2 4.6 114.1 322.1 9.6 

DWPS 
20 134.8 78.9 5.4 43.1 3 I 8.1 5.6 
21 214 16.8 1.60 39.8 343.5 7.89 
22 52.1 19.1 8.91 38.4 351.2 3.41 
23 9895.5 8234.1 7 Ol 59.3 341.0 24.3 
24 8976.2 9726.4 2.1 46.1 321 230 

MTPS 
25 9251 5893.8 4.12 167.1 351 23.9 
26 I 100.9 I 861.7 li.O 44.1 356.4 IO. I 
27 9963.5 3241.2 0.7 37.2 377.9 24.6 
28 8564 5892.9 5.04 46.9 316.9 22.89 

This geochemical method evaluates a ratio with an unlimited possible range instead 
of a certain concentration. An alternative approach to assess metal enrichment is the defi 
nition of normalized enrichment factors (EF): 

(2) 

Enrichment factors (EF) can fully reflect the influence of human being activities on 
the environment. By comparing the concentration of sample element with that of baseline 
element, the pollution degree was judged. 

When EF was higher than 20, there existed serious contamination. When the en 
richment factor was less than I, there was no contamination. The polluted degree can be 
divided into six levels by means of EF (Table 2). 
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Table 2. Classification of enrichment factors 

EF Level Pollution degree EF Level Pollution degree 
<I o No 5-20 3 Intermediate-level 
1-2 I Minimal 20--40 4 High-level 
2-5 2 Low-level > 40 5 Intensity 

Table 3. Baseline model and relative parameters 

Baseline model Relative Parameters Prominence Level 
Zn= -3.3892 + 0.5097Sc 0.9610 0.05 
Pb= -2. 7137 + 0.3639Sc 0.8509 0.05 
Cd = 4.2249 + 0. I 194Sc 0.151 0.05 
As= -12.9838 + 9.9522Sc 0.3472 0.05 
Cu= 329.303 + 2.7437Sc 0.2116 0.05 
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Fig. I Correlation and fit line between heavy metals and Sc 

Construction baseline model 
After the baseline model was constructed, the normalized element was selected. The se 
lection of a normalized element depends on geological environment, human being implo 
re situation, and environmental features. Aluminum is an important element in the alu 
minum silicate mineral and usually used to represent the standard of granularity change. 
Lithium is better than aluminum as normalization element for the crystal rock sediment. 
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When the heavy metals pollution is in low level, it is suitable to select Fe as normalization 
element[l2, 16, 18,21]. 

We wanted to ascertain the pollution features of heavy metals, so such heavy metals 
as Cr, Co, As, Hg, Pb, and Zn were eliminated. Herein, Sc was selected as normalization 
element. In China Sc was considered to be a normalization element in surveying the soil 
background value. Several survey results proved it unsuccessful [ 19, 22]. 

The baseline model and relative parameters between heavy metals and Sc required 
application of MATLAB computer software. The results are shown in Table 3 and Figure I. 

Assessment of contamination condition 
Appling the acquired baseline model and equation (I), the enrichment factors and pollu 
tion levels are shown in Table 4. 

Table 4. Enrich factor and class of contamination in soil near mine 

Polluted Serial Zn Pb Cd As Cu 
kind number EF class EF class EF class EF class EF class 

I 734 5 209 5 0.05 o 1.08 I 0.45 o 
2 966 5 183 5 2.2 2 0.71 o 0.98 o 
3 860 5 306 5 1.06 I 0.84 o 0.97 o 
4 1054 5 1421 5 2.87 2 4.97 2 1.77 I 
5 977 5 475 5 3.2 2 1.36 I I.li I 

TPS 
6 837 0.49 o 0.75 0.96 o 5 113 5 o 
7 8947 5 315 5 1.05 I 1.86 I 1.06 I 
8 71 5 186 5 2.84 2 4.09 2 0.80 o 
9 223 5 763 5 1.54 I 0.7 o 0.96 o 
10 522 5 64 5 0.09 o 0.9 o 0.54 o 
11 35 4 89 5 0.22 o 6.65 3 0.99 o 
12 108 5 68 5 0.12 o O.I o 1.19 I 
13 166 5 203 5 0.17 o 0.32 o 1.14 I 
14 97 5 83 5 0.43 o 0.21 o 0.97 o 

MOPS 
15 292 5 107 5 0.08 o 0.27 o 1.02 I 
16 508 5 36 4 1.14 I 0.59 o 0.9 o 
17 451 5 85 5 1.39 I 0.84 o 0.89 o 
18 138 5 127 5 0.31 o 1.15 I 0.91 o 
19 137 5 63 5 0.86 o 1.37 I 0.91 o 
20 246 5 144 5 I. li I I.O I 0.92 o 

DWPS 21 354 5 88 5 0.31 o 0.61 o 0.98 o 
22 38 4 13 4 1.93 I 1.8 I I 1.04 I 
23 1058 5 1386 5 0.99 o 5.36 3 0.87 o 
24 1077 5 1743 5 0.3 o 4.6 2 0.82 o 
25 1046 5 992 5 0.58 o 15.2 3 0.89 o 

MTPS 
26 647 2067 2.04 0.5 5 5 2 o I.O I 
27 1065 5 580 5 O. I o 0.16 o 0.95 o 
28 1028 5 1055 5 0.72 o 0.22 o 0.81 o 
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The pollution levels of Pb and Zn are higher than 4, which demonstrated that Zn and 
Pb were the main contaminating elements. The pollution level of Cu in mining area was 
almost zero, which showed there was almost no Cu pollution. The pollution levels of Cd 
and As were in the range of0-3, which showed there was little Cd and As pollution. 

DISCUSSION 

The enrichment factors in different polluted zones were compared (Figures 2-5). 
In studying the class of heavy metals, it was determined according to calculated 

enrichment factor. Therefore the EF reflects the effect of human being on soil heavy me 
tals. But the EF cannot reflect the soils pollution features and pollution association. So 
when we study the pollution features of soils heavy metals, we should either analyze the 
environmental geochemical and biology geochemical to study synthetically in order to 
acquire the full information on soil pollution. 
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Fig. 2. The comparison of EF in different polluted zones of Zn 
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Fig. 3. The comparison of EF in different polluted zones or Pb 
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Fig. 5. The comparison of EF in different polluted zones of As 

CONCLUSION 

The pollution characteristics of heavy metals in soil were assessed by the baseline model. 
The seriously polluted metals are Zn and Pb. The pollution level of Cu in mining area was 
almost zero, which showed that there was almost no Cu pollution. The pollution levels of 
Cd and As were in range of 0-3, which showed little Cd and As pollution. The average 
concentration of Pb and Zn are 2805.1 mgkg:' and 1709.2 mg-kg', respectively. 
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